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THE EFFECT OF EXERCISE ON THE PRODUCTION
OF TYPHOID AGGLUTININS*
STANLEY E. WEDBERG
The effects of exercise and of fatigue upon a variety of physio-
logical responses in laboratory animals have been described by many
authors, but few have extended the study to include the phenomenon
of antibody responses in rabbits. An investigation of this question
forms the basis of this note.
That fatigue, or the attendant phenomena, decreases the suscep-
tibility of the rat to subcutaneously injected tetanus toxin would
appear from the work of Oppenheimer and Spaeth.2" This seemed
to beespecially marked when the period of exercise immediately pre-
ceded the toxin injection, while in the case of the guinea-pig receiving
Type I pneumococcus resistance was increased by fatigue whether
experienced before or after the bacterial injection (Nicholls and
Spaeth20). On the other hand, Bailey3 states that acute fatigue
diminishes the resistance of rabbits to the same pneumococcus given
by the intratracheal route. Here, the effects were more marked
when the fatigue followed the injection. Repeated forced fatigue,
in the sense of training the rabbits, increased their resistance. In a
later paper, Bailey4 reported that fatigue increases the primary reac-
tions of rabbits to toxic bacterial antigens and thus favors antibody
production. Other examples of discordant results are afforded by
Boycott and Price-Jones,8 who stated that fatigue in rats was without
influence on the death rate after injections of the G'artner bacillus,
but led to a much higher rate when the organisms were given by the
oral route. They also state that the resistance of rats to tuberculosis
is not modified by fatigue. Lara and de Jesus"6 observed that
fatigued guinea-pigs developed less typhoid agglutinin than did con-
trols which were not exercised, and curiously enough, the influence
of fatigue was more marked in female than in male animals.
The few papers cited will serve to show that the effect of fatigue
on antibody production and on immune mechanisms is such that a
general statement is impossible. Additional papers bearing on the
subject and on related fields are listed in the bibliography and need
not be discussed here.
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It should be pointed out that antibody production in the rabbit,
even under normal circumstances, is subject to wide variation, and
that it is influenced by a great many factors, among which may be
included age of the animal, thermal reactions, route, and frequency
of administration, and the concentration of the antigen injected.
There is every reason to suspect that in fatigued animals these
determinants would also be operative. Furthermore, if exercise
exerts an effect, the direction and extent of the effect might differ in
accord with the time relationships between the exercise and the
administration of antigen. The following experiments were planned
to give recognition to these facts.
Rabbits were used in the experiments, since they are good anti-
body producers to the typhoid antigen used. Agglutination tests
served to measure the antibody response. All antigen injections
were subcutaneous, the dose given being introduced in equal fractions
into four areas of the back, and where diluted antigen was used the
volume was increased five-fold with saline just prior to injection."4
Some animals received the antigen priorto the period of exercise;
in others the antigen was given immediately following the period of
fatigue.
Exercise and fatigue were effected by causing(after apreliminary
period of training) the rabbits to run within a wooden wheel with an
inside circumference of about 18 feet. The running surface was
covered with heavy rubber matting. Driven by a one-fourth horse
power motor, the speed was controlled by a rheostat, and once the
training period had been passed, the speed was adjusted to a rate of
125 feet per minute, which, in the experiments, was continued over
a period of 20 minutes.
Experiment 1. Five animals were used, and were given treat-
ment as follows:
No. 41. Control rabbit; not fatigued; received undiluted antigen.
No. 42. Received undiluted antigen prior to fatigue periods.
No. 43. Received diluted antigen prior to fatigue periods.
No. 44. Control rabbit; not fatigued; received diluted antigen.
No. 45. Fatigued prior to injections of diluted antigen.
The initial dose of antigen was 0.25 cc. Subsequent doses, given
at 3-day intervals, were increased gradually in amount, so that on
the 12th day the volume was 2 cc. (10 cc. when the diluted antigen
was used). Bleedings for test were taken on the 17th day after the
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initial injection and, again, after a series of injections at 6-day inter-
vals, on the 41st and 51st days. The tests made on the sera of these
bleedings (readings were made after incubation for 4 hrs. at 370
and overnight in the ice-box) failed to show differences in titer
greater than those that might readily occur as the result of individual
variation. The somewhat higher early titers associated with the
administration of the diluted antigen may or may not be of signifi-
cance. No influence of fatigue is apparent. In all cases the titers
were surprisingly low, possibly because the antigen was not highly
stimulating or because the rabbits under treatment were young and,
as Baumgartner' 6, has shown, had not reached an age when maxi-
mal antibody response is to be expected. The actual limiting titers
were:
No.41 No.42 No.43 No.44 No.45
17th day 1:5 1:20 1:40 1:40 1:80
41st day 1:160 1:80 1:160 1:160 1:160
51st day 1:160 1:160 1:160 1:80 1:160
On the 54th day of the experiment another antigenic preparation
(E. typhi known to be highly effective in stimulating antibody pro-
duction) was used, and of this weekly injections were given. The
exercised rabbits were run five times a week, about 2500 feet on each
occasion. Bleedings taken on the 61st, 76th, and 83rd days of the
experiment gave titers:
No. 41 No.42 No.43 No. 44 No. 45
61st day 1:640 1:1280 1:2560 1:1280 1:1280
76th day 1:640 1:1280 1:2560 1:2560 1:2560
83rd day 1:1280 1:1280 1:2560 1:2560 1:2560
The marked increase in the titers may reflect the continued
immunization, the use of the new antigen, an increased age of the
immunized animals, or a combination of all of these. In any case,
there is no evidence that exercise had exerted any material effect on
the antibody response; the effect of diluting the antigen, though not
marked, may be significant. In any case, exercised or not, those
rabbits receiving the diluted antigen gave the higher titers, though
the difference was only two-fold.
During the period between the 84th day and the 134th day no
further injections were given, and the persistence of antibody was
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determined by titrating bleedings taken on the 107th, 118th, and
134th days. Titrations made on these days showed:
No. 41 No.42 No. 43 No. 44 No.45
107th day 1:1280 1:1280 1:2560 1:1280 1:1280
118th day 1:640 1:640 1:2560 1:640 1:640
134th day 1:320 1:320 1:1280 1:320 1:320
Obviously, neither the presence or absence of exercise nor the use
of diluted or undiluted antigen exerts an influence on the retention
ofantibody level when immunization is terminated. Rabbit No. 43,
receiving diluted antigen and exercised, might seem to present an
exception to this statement; on the other hand it may merely be an
expression of individual behavior.
With a period of 7 weeks having elapsed since the last injection
and the antibody titers having fallen off, it seemed possible to apply
another test of antibody content and mobilization by testing for an
anamnestic response. Thus, on the 134th day of the experiment an
intravenous injection of 0.5 cc. of antigen was given each animal.
Bleedings taken on the 141st daytitrated:
No.41 No.42 No.43 No.44 No.45
141st day 1:640 1:2560 1:2560 1:1280 1:1280
A mobilization of serum agglutinin took place in every instance,
but the relation of prior treatment to the extent of the increased
antibody is not clear. In some instances the increase was small; in
others it was very great. A second injection, given on the 142nd
day, with bleedings on the 143rd and 145th days did not serve to
afford an explanation for the differences in behavior, as the following
values show:
No. 41 No. 42 No. 43 No. 44 No. 45
143rd day 1:1280 1:5120 1:2560 1:1280 1:1280
145th day 1:640 1:1280 1:2560 1:1280 1:1280
This experiment failed to show any clear-cut significant influence
of exercise, or fatigue, upon the rate of antibody production, upon
the extent of antibody production, upon the persistence of antibody
in the circulation, or upon the readiness with which antibody can be
mobilized. In general, it appears, as might be expected, that anti-
body response to a given quantity of antigen when diluted tends to
be greater than when the antigen given is more concentrated.
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Experiment 2. This is in large part arepetition of Experiment 1.
It involves a group of S rabbits, each weighing about 2000 gms.,
treated much the same as the earlier group. Doses of the better
typhoid antigen were given every four days, until by the 12th day
a dose of 2 cc. was given, with weekly injections given thereafter.
The antigen in all cases was diluted material, being given subcutane-
ously. The program of exercise was as before. The treatment
given each rabbit was:
Nos. 46-47. Diluted antigen injected prior to the period of running.
No . 49. Diluted antigen injected; not exercised.
Nos. 50-51. Exercised prior to injection of diluted antigen.
The dates of the titrations and the sequence of the phases in the
course of treatment can be tabulated thus:
Days after --Nos. 46, 48-- NLo. 49 t Nos. 50, 51---~
first Diluted antigen Diluted antigen Exercised, then
injection then exercised not exercised diluted antigen
7 1:640 1:640 1:320 1:1280 1:1280
16 1:320 1:320 1:640 1:1280 1:640
22 1:640 1:640 1:2560 1:2560 1:5120
32 Antigen injections discontinued
40 1:1280 1:640 1:2560 1:1280 1:2560
53 1:640 1:640 1:2560 1:1280 1:1280
64 1:320 1:640 1:640 1:640 1:1280
82 1:160 1:160 1:320 1:320 1:640
84 0.5 cc. antigen injected intravenously
91 1:1280 1:2560 1:2560 1:2560 1:2560
92 0.5 cc. antigen injected intravenously
94 1:1280 1:2560 1:2560 1:2560 1:2560
Here, the titers during the early periods of immunization were
definitely higher than those of the first experiment. But beyond
that point a difference in behavior becomes apparent, in that exercise
immediately following the injections of antigen is clearly not bene-
ficial to antibody response; titers were definitely higher in the rabbits
which received antigen following the period of running, but in these
animals the response was not materially greater than in the non-
exercised control.
Experiment 3 differed from those already described only in
minor respects; the rabbits were somewhat heavier and the amount
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ofantigen injected remained constant throughout the course of treat-
ment. Both diluted and undiluted antigens were used. The exer-
cise periods were as in the other experiments. The results were
essentially those already recorded, and a tabulation of the titers
obtained need not be presented.
Examination of the data derived from titrations of the sera of
the 20 animals fails to show any convincing evidence that fatigue,
to the degree applied in these experiments, exerts a significant effect
upon antibody production. There is apossibility that forced exercise
carried out following the antigen injection exerts a slight retarding
influence on the antibody response; and it is possible also that once
immunization is stopped exercise favors the maintenance of high
antibody levels for a time. However, these tendencies are not
marked. A slightly greater mobilization of serum antibody in the
anamnestic response may also occur in exercised animals. In general,
it may be said that fatigue does not materially affect the capacity
to react to antigenic stimulation, and doubtless the conflicting results
of other workers may well be attributed to causes other than fatigue.
It would appear, however, that diluted antigen favors antibody
production.
Temperature changes and fatigue
Inferring that exercise might exert some demonstrable effect
upon the production of antibody, and that exercise might also influ-
ence the body temperature and that this change might, in turn, cor-
relate with antibody response, a rather extended study of the rectal
temperature of the rabbits used in these experiments was made.
Since antibody levels were essentially uninfluenced by the exercise
no such correlation can be made, but it may be well to record briefly
the changes in temperature observed, if only to show that such varia-
tions in body temperature exert little, if any, effect on the ability to
produce agglutinin.
Studies of the influence of exercise on the temperatures of rats
show the usual discordant results; some authors8 19 record a fall in
temperature following work, others, e.g., Horst,/5 report a rise.
Apparently, no comparable studies have been made on rabbits;
indeed, reports of the normal temperature of rabbits differ widely.
To mention but two of them-Lee"7 reported a range from 101.10
to 105.90 F., with an average of 103.20; Price-Jones22 recorded a
mean temperature of 104.50, with a variation of 1.190.
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Readings of the rectal temperature were made repeatedly on 7
of the unexercised rabbits of these experiments; in 87 readings the
range was from 101.1 to 103.70, with an average temperature of
102.70 F. Similar readings (130 in number) made on another
group of 13 rabbits prior to a 20-minute period of exercise ranged
from 100.6 to 105.1, with 102.60 as the average. A series of 110
readings made on these same rabbits after exercise showed a range
of from 102.0 to 107.1, with an average of 1040 F. Thus, increases
of from 0.8 to 2,3' resulted from the exercise, with an average
increase of about 1.5° F. It may also be stated that following the
periods of exercise the elevation of temperature persisted for from 1
to 2 hours, or in some instances, even longer. During the period of
readjustment, the fall toward normal is rapid during the first half-
hour of rest, then gradual until the level is attained that was present
prior to exercise. Obviously, a period of elevated temperature
exerts no marked effect on the way in which the rabbit reacts to
antigenic stimulation with the production of agglutinins.
Summary
1. The differences in antibody production exhibited byexercised
and non-exercised rabbits are minor, and are of questionable sig-
nificance.
2. The average normal rectal temperature of the 20 rabbits
here used was 102.60 F., and with a period of exercise body tempera-
ture was increased by as much as 2.30.
3. No demonstrable relationship exists between fatigue or ele-
vation of body temperature and the serological reaction to injected
antigen.
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